Abstract: Microbial desalination cells (MDCs), a recent technological discovery, allow for 8 simultaneous wastewater treatment and desalination of saline water with concurrent electricity 9 production. The premise for MDC performance is based on the principles that bioelectrochemical 10 (BES) systems convert wastewaters into treated effluents accompanied by electricity production and 11 the ionic species migration (i.e. protons) within the system facilitates desalination. One major 12 drawback with microbial desalination cells (MDCs) technology is its unsustainable cathode chamber
Introduction

34
The energy and water production issues are intertwined and cannot be addressed in isolation 35 [1] [2] [3] [4] . Wastewater treatment and desalination, in particular, are energy consuming processes which 36 can have detrimental effects on the environment [3] . Integrated solutions that utilize waste sources 37 to generate energy, which in turn, can be used to produce freshwater are attractive options to address 38 current energy and water issues [5] . In this context, bioelectrochemical systems have evolved as a Journal Name 2016, x, x 2 of 5 novel technology to convert wastes into valuable energy [6] . Bioelectrochemical systems can be 40 employed to generate clean electricity, or high value energy or chemical products from various 41 wastewater sources and organic or inorganic wastes that can serve as fuel feedstock for electroactive 42 bacteria [7] . Microbial desalination cells (MDCs) are based on an integrated configuration in which,
43
wastewater and saline water sources can be treated simultaneously without any external power input 44 or mechanical energy or pressure application [8] . This process offers multiple benefits of energy and 45 resource (water and nutrients) recovery while eliminating environmental pollution.
46
Photosynthetic microorganisms can be used in PMDCs for accomplishing proper utilization 47 of carbon and nutrient compounds ( Figure 1 ) [9] . Their role in PMDCs can be further controlled 48 specifically for bioelectricity production or biomass production which depends on the process 49 configuration. Microalgae provide in-situ oxygen production which can serve as an electron acceptor 50 in the electron transfer process while utilizing organic carbon, nitrogen and phosphorous compounds 51 for growth [10] . On the other hand, conventional removal of nitrogenous compounds by nitrification-52 denitrification process from waste water in waste water treatment plants requires considerable 53 amount of energy and costs. Anammox process which comes from Anaerobic ammonia oxidation
54
(anammox) is an emerging microbial process for conversion of ammonium to nitrogen gas under 55 anaerobic condition with potential energy and cost savings [11] . Authotrophic bacteria create a 56 bypass to oxidize ammonia to nitrogen gas by nitrite omitting the need for organic carbon source.
57
Partially nitrification of ammonia to nitrite instead of nitrate, allows for about 40% saving on energy 58 used for aeration. In addition, due to the authoutrophic nature of these bacteria their growth rate is 59 slow and thus, less biosolids are produced during this process. All of these benefits, make Anammox 60 based nitrogen removal process more cost effectiveness (cost reduction of up to 60%) and less 61 greenhouse gas emission compared to conventional nitrification-denitrification process [12] . 
112
Electrical conductivity, total dissolved solids (TDS) removal, and salinity removal were recorded 113 using a conductivity meter (Extech EC400 ExStik Waterproof Conductivity, TDS, Salinity, and 
123
The COD removals in the anode along with pH changes in the cathode chamber for each cycle are 124 shown in Table 1 . Low COD removal rates (less than 30%) were observed in these tests. The low COD and is often reported as the limiting factor in power production [16] . In addition to pH, ORR rate is 133 affected by fouling and biofouling which may hinder the transfer of oxygen to the electrode surface.
134
It can be concluded that the performance of the PMDC depends on the photosynthetic activity of the 135 algae and the bioelectrochemical function of the biofilm on the cathode electrode which was reported 136 in our previous study [10] . Due to the high buffer concentration in the anode chamber, the pH did 137 not change significantly; however, the pH in the cathode chamber increased.
139
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149
Due to the potential limitation for algae growth in static PMDCs, the cathode chamber of
150
PMDCs was connected with a peristaltic pump to a 1000 mL bioreactor containing algae cells in 
162
cyclic voltammetry analysis of a photo-biocathode and abiotic control electrode and found reduction 163 peak for biocathode whereas no peak was observed for abiotic control electrode.
164
A new PMDC configuration integrating two PMDCs with one large algae biocathode chamber 165 was developed (Figure 2c ). The algae cells were maintained in suspension with a mechanical mixer.
166
This new configuration was named as photo-bioreactor MDC (PBMDC). The advantage of this 167 system is that two MDCs could work at the same time with one common photosynthetic biocathode 
187
These data highlights the fact that electricity generation by these cells has the potential to improve by 
211
The study demonstrated the feasibility of using an autotrophic microbial culture containing 
